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ABSTRACT: Cigarette smoking induces an inflammatory response in the airways that
may play a key role in the pathogenesis of chronic obstructive pulmonary disease.
Noninvasive markers of inflammation may, therefore, be useful in monitoring the
airways of smokers as well as in the screening of subjects at high risk of developing
airway obstruction.

The aim of the present study was to determine whether the concentrations of the pro-
inflammatory cytokine, interleukin (IL)-6, is increased in the exhaled breath condensate
of smokers and whether the number of cigarettes smoked has any influence on the
exhaled concentrations. The possibility that exhaled IL-6 levels are related to exhaled
carbon monoxide (CO) and lung function has also been explored. Another inflammatory
marker, leukotriene (LT), was also measured.

Twenty-one smokers (3917 yrs, 13 male) and 14 nonsmokers (4516 yrs, eight male)
were recruited. IL-6 and LTB, levels in the breath condensate were measured with an
immunoassay kit and exhaled CO examined by means of a modified electrochemical
sensor. Higher IL-6 and exhaled CO concentrations were found in current smokers
(5.6x1.4 p%-mL'l and 16.715.5 parts per million (ppm)) than in nonsmokers (2.6
0.2 pg'mL™ and 2.1+0.6 ppm). Elevated concentrations of LTB, were also observed
in smokers compared to nonsmokers (9.4+0.4 pg-mL™ versus 6.1+0.3 pg-mL™"). In
addition, there was a correlation between IL-6 concentrations, the number of cigarettes
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smoked per day, exhaled CO, LTB, and lung function.

Exhaled interleukin-6 and leukotriene B, levels may be useful noninvasive markers of

airway inflammation in cigarette smokers.
Eur Respir J 2003; 21: 589-593.

Cigarette smoking is associated with neutrophilic inflam-
mation of the airways which, in 15-20% of cases, is followed
by the obstruction of the small airways [1]. Several studies
have demonstrated that chronic obstructive pulmonary disease
(COPD) is associated with an inflammatory process that takes
place in the peripheral airways [2]. However, the mechanism
by which the inflammation causes airway obstruction remains
unknown [3].

An increased number of neutrophils in the airways has been
found in cigarette smokers and this is related to the number of
cigarettes smoked [4]. The profile of pro-inflammatory cyto-
kines measured in bronchoalveolar lavage (BAL) is also related
to the number of cigarettes smoked [5].

Interleukin (IL)-6 is a pro-inflammatory cytokine produced
by epithelial cells and macrophages in the airways [5, 6].
Increased concentrations of IL-6 have been found in the BAL
[5] and the induced sputum of smokers [7]. These invasive
methods do not allow frequent monitoring of the inflamma-
tory response [8].

The aim of present study was to measure IL-6 levels in
smokers using a completely noninvasive method, the exhaled
breath condensate. To exclude a possible salivary contamina-
tion of the breath condensate, measurements of this cytokine
in saliva were also taken. Leukotriene (LT)B; was also
measured in the exhaled breath condensate in some of the
subjects, as this is another marker of inflammation and has
previously been shown to be elevated in induced sputum of

smokers [9]. Any correlation between IL-6 in the exhaled
breath condensate, number of cigarettes smoked, lung
function, LTB4 and exhaled carbon monoxide (CO), was
also evaluated. Exploring the mechanisms underlying the
inflammatory process and cigarette smoking may be useful
in understanding the pathogenesis of inflammation in COPD
and may uncover the predisposition to develop airway
obstruction in smokers.

Material and methods
Study population

The study population consisted of 21 smokers (13 male,
39+7 yrs, forced expiratory volume in one second (FEV1)
104£4% predicted, forced vital capacity (FVC) 107£6% pred,
carbon monoxide diffusing capacity of the lung (DL,CO)
100+2% pred and DL,CO corrected for alveolar volume
(carbon monoxide transfer coefficient (KCO)) 101£3% pred)
with normal lung function (defined as a FEV 1>80% pred) and
14 age-matched healthy nonsmokers (8 male, 4516 yrs, FEV1
101£18% pred, FVC 11919% pred, DL,CO 102+3% pred and
KCO 1051+4% pred). All of the subjects were recruited by the
Respiratory Disease Institute of the University of Bari (Italy)
and written informed consent was obtained from them all.
The study was approved by the Institutional Ethics Committee.
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Smokers (all of them for >10 yrs), were d1V1ded into three
subgroups: sub]ects who smoked <1 pack-day™! (n=7), subjects
who smoked 1 pack-day”! (n=7) and subjects who smoked
>1 pack-day™ (n=7).

All subjects were also characterised with methacholine
challenge and measurement of DL,CO, taken to exclude those
with asthma or emphysema. None of the subjects showed any
bronchoconstriction in response to the methacholine chal-
lenge (the provocative concentration of methacholine giving a
20% fall in FEV1 (PC20) >16 mg-mL™") or any impairment in
diffusing capacity.

None of the subjects presented any symptoms of lower
respiratory tract infection (dyspnoea, cough and/or purulent
sputum) for >3 months prior to enrolment. The exclusion
criteria for the study were as follows: 1) antimicrobial
treatment during the previous 4 weeks; 2) treatment with
oral corticosteroids in the previous 3 months; 3) hospital
admission during the previous 3 months; and 4) the presence
of any severe comorbidities (e.g. severe immunosuppression,
malignancies and coagulopathies).

Study design

This study was designed to assess whether the concentra-
tions of IL-6 and LTB,4 were increased in the exhaled breath
condensate of smokers and whether the number of cigarettes
smoked had any influence on the exhaled concentrations.

Pulmonary function testing

Pulmonary function tests were performed <1 day of the
measurement of the breath condensate. FEV1, FVC and the
FEV1I/FVC ratio were measured using a spirometer (PK
Morgan Ltd, Gillingham, UK).

Measures of diffusing capacity (DL,CO, KCO) were performed
by a single-breath technique (Transfer Factor; Erich Jaeger,
Waurtzburg, Germany). The best value of three procedures
was expressed as a percentage of the predicted normal value.

Methacholine challenge

A series of methacholine chlor1de solutions were prepared,
ranging from 0.05-25 mg: ‘mL!. These solutions were pre-
pared in doubling concentrat10n intervals, with 2 mL of each
dilution being administrated by a nebuliser. After inhalation
of the aerosol, FEV1 was measured at 1, 3, 5 and 10 min, and
the concentration was increased by one step until a 20% drop
in FEV1. PC20 was then determined by interpolation.

Exhaled breath condensate

The exhaled breath condensate was collected by using a
condenser, which permitted noninvasive collection of the
nongaseous components of the expiratory air (EcoScreen;
Jaeger, Wurzburg, Germany). The subjects breathed through
a mouthpiece and a two-way nonrebreathing valve, which
also served as a saliva trap. They were asked to breathe at
a normal frequency and tidal volume, wearing a noseclip,
for 10 min. If the subjects salivated they were instructed to
swallow. The condensate, >1 mL, was collected as ice at
-20°C, transferred to Eppendorf tubes and immediately stored
at -70°C.

Measurement of interleukin-6

A specific enzyme immunoassay kit (Cayman Chemical,
Ann Arbor, MI, USA) was used to measure IL-6 concentra-
tions in the breath condensate. The assay was validated directly
by gas chromatography/mass spectrometry. The intra-assay
and inter-assay var1ab1l1ty were <10%. The detection limit of
the assay was 1.5 pg-mL"

Measurement of leukotriene By

A specific enzyme immunoassay kit (Cayman Chemical)
was used to measure LTB, concentrations in breath condensate
of 10 smokers and 10 healthy controls. The intra-assay and
inter-assay variability were <10%. The spec1ﬁc1ty was 100%
and the detection limit of the assay was 3 pg-mL"

Measurement of exhaled carbon monoxide

Exhaled CO was measured using a modified electrochem-
ical sensor with sensitivity from 1 part per million (ppm) to
500 ppm of CO. Measurement of CO was carried out by a
LR2000 chemiluminescence analyser (Logan Research Ltd,
Rochester, UK) using an external resistance of 0.40*0. 05 kPa
(3x0.4 mmHg) and an exhalation flow of 56 L-min™'. The
subjects exhaled slowly from total lung capacity (TLC) over
10-15 s, maintaining a constant flow. The mean of two
reproducible measurements with <5% variation was recorded.
Ambient CO was recorded before each measurement and
subtracted from the mean value obtained during the
procedures.

Statistical analysis

Data is expressed as meanstSEM. A Mann-Whitney U-test
was used to compare the groups and the correlations between
variables were calculated by means of the Spearman’s rank
correlation test. A p<0.05 was considered significant.

Results
Interleukin-6

Exhaled IL-6 levels were significantly higher in smokers
(5.6£1.4 pg'mL™) than in control subjects (2.6+0.2 pg-mL"';
p<0.01) (fig. 1a). D1fferences were found between subjects
who smoked <1 pde day™! (4.420.1 pg'mL™), subjects who
smoked 1 pack-day™ (5 0+0.4 pg-mL” ), and subjects who
smoked >1 pack-day™ (7.4+0.9 pg-mL") (fig. 1b).

IL-6 levels were correlated with the number of cigarettes
smoked (r=0.9, p<0.0001) (fig. 2a), exhaled CO (r=0.6, p<0.005)
(fig. 2b), FEV1 (1=0.5, p<0.05) (fig. 2¢) and FVC (1=-0.5,
p<0.05).

IL-6 was undetectable in the saliva of all subjects studied.

Leukotriene By

Exhaled LTB4 levels were significantly higher in smokers
(9.410.4 pg'mL™) than in control subjects (6.110.3 pg-mL!;
p<0.001) (fig. 3). LTB,4 levels were significantly correlated
with exhaled IL-6 (1=0.5, p<0.005).
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Fig. 1.-Interleukin (IL)-6 concentrations in a) the exhaled breath
condensate of cigarette smokers and control subjects and b) the
relationship with the amount currently smoked. **: p<0.01.

Exhaled carbon monoxide

Exhaled CO was higher in smokers (16.7£5.5 ppm) than in
control subjects (2.1+0.6 ppm; p<0.0001 (fig. 4)).

Discussion

This study demonstrated that IL-6 concentrations were
increased in the exhaled breath condensate of cigarette
smokers and correlated with the number of cigarettes
smoked, lung function, and exhaled LTB, and CO.

Monitoring airway inflammation in smokers may be
important as inflammation may play a key role in the
pathogenesis of COPD [1]. Noninvasive markers of inflam-
mation may, therefore, be useful in monitoring airway
inflammation in smokers and may identify subjects at
increased risk of developing airway obstruction [2, 3].
Increased numbers of neutrophils are found in the BAL of
smokers and are related to the number of cigarettes smoked
and the degree of airflow limitation [4, 10]. The inflammation
of the airways in smokers may also be reflected by increased
levels of exhaled CO, which has been extensively used as
a noninvasive inflammatory marker. However, this is not
a useful marker, due to the high CO content of cigarette
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Fig. 2.—Correlation between exhaled interleukin (IL)-6 concentration
and a) exhaled carbon monoxide (CO) (r=0.6, p<0.005) and b) per
cent predicted forced expiratory volume in one second (FEV1) (r=0.5,
p<0.05).

smoke and therefore is likely merely to indicate cigarette
smoke [11, 12].

Other inflammatory markers, such as levels of pro-
inflammatory cytokines, for example IL-6 [3, 13-15], IL-8
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Fig. 3.—Exhaled leukotriene (LT)B; concentration from cigarette
smokers and control subjects. ***: p<0.001.
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Fig. 4.— Exhaled carbon monoxide (CO) concentration from cigarette
smokers and control subjects. #: p<0.0001.

[3, 13, 15], IL-1B [3, 14] and tumour necrosis factor (TNF)-o
[3, 13, 14], may therefore, be better markers of inflammation.

The authors also investigated LTB, in the breath con-
densate of smokers, as a marker of neutrophilic inflammation.
It was demonstrated that smokers had significantly higher
values than normal subjects and this is consistent with the
increase in neutrophil numbers in BAL and induced sputum
observed by KEATINGS et al. [16]. In agreement with results
from the current study, this leukotriene has been found
previously to be elevated in sputum [17] and in the BAL of
smokers [18].

IL-6 is a pro-inflammatory cytokine involved in the resolu-
tion of acute and chronic inflammation, vie the induction
of glucocorticoid release, as well as via the induction of
antagonists of IL-18 and TNF-a [19]. Elevated levels of IL-6
have been reported in the BAL [5, 20], in induced sputum [7],
in the blood [7, 21], and in the cervical mucus of smokers [22].

The authors chose to measure IL-6 levels in exhaled breath
condensate of these subjects as they have found that this is the
most reliable and reproducible of the pro-inflammatory
cytokines. This method allows for the collection of samples
that may reflect the composition of the epithelial lining fluid
and provides a noninvasive way of monitoring the presence of
inflammation and of oxidative stress in the lung [23]. Higher
levels of IL-6 in smokers than in control subjects were
observed. However, this cytokine was absent in saliva,
indicating minimal salivary contamination and that the
increase in IL-6 is not a general phenomenon, but confined
to the respiratory tract.

The second aim of this study was to investigate the
relationship between the intensity of smoking (quantified as
a number of cigarettes smoked daily) and exhaled IL-6
concentrations. An increase in the amount of cigarettes
smoked was found to be associated with a higher concentra-
tion of exhaled IL-6, with a significant correlation between
these two variables. KUSCHENER et al [24] studied several
cytokines in the blood in relation to pack-yrs of cigarettes, but
found a dose/response only for IL-1 and IL-8. Data from the
current study suggests that the intensity of exposure to
cigarette smoke is a determinant of exhaled IL-6 concentra-
tion and, therefore, the intensity of airway inflammation.

Increased inflammation of the peripheral airways has been
implicated as a cause of airflow limitation in smokers.
However, the relationship between subclinical decrements of
pulmonary function and inflammation in smokers is still
uncertain [25]. It could be possible that the elevated
concentrations of IL-6 reflect the loss of laminar flow in

smaller airways, favouring aerosolisation of the airway lining
fluid.

A negative correlation between exhaled IL-6 concentra-
tions, FEV1 and FVC was observed, thus suggesting that
measurement of inflammation may be useful in predicting the
early onset of lung function impairment. A positive corre-
lation between this exhaled cytokine, CO and LTB, that was
expected considering that both these exhaled markers reflect
airway inflammation and that might support the authors
suggestions, was also found.

In conclusion, results from this study show an increase in
exhaled interleukin-6 that is related to current cigarette-smoke
exposure. The measurement of interleukin-6 and leukotriene By
in the breath condensate may serve as a noninvasive marker,
useful in monitoring inflammation of the airways, and the
correlation with forced expiratory volume in one second may
suggest that it might be an early marker for the development
of chronic obstructive pulmonary disease.
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